BACKGROUND: Stunting is still very prevalent in many poor and developing regions in the world. This study assessed the effectiveness of a stunting recovery program in children and its associated factors. METHODS: The retrospective study was conducted in a center of stunting recovery. There, children stayed in a dayhospital system (9 h per day; 5 days per week), and received five meals per day, providing 80% of their energetic daily needs. The main outcome was the stunting recovery rate (i.e., the child present a height-for-age index (HAZ) 4 − 1.0 at the time of data collection). A total of 75 children treated for at least 24 months, aged between 6 and 48 months and with an HAZ o − 2.0 at the time of admission were included. RESULTS: The average treatment time was 41 months. About 18 children (24.0%) recovered from stunting. The variable "age at admission 424 months" (prevalence rate (PR) = 0.39, 95% confidence interval (CI): 0.15-0.99; P = 0.04) and the variable "Household crowding index" (PR = 0.65, 95% CI: 0.44-0.95; P = 0.03) were associated with the success of the treatment. CONCLUSION: The environmental conditions in which the children live in their households and late admission to the center negatively influenced the success of stunting recovery, even with an intensive treatment.
C
hildhood stunting leads to biological effects such as increased morbidity, mortality, and delayed motor and cognitive development of children (1) . Furthermore, these effects reflect the social conditions of an entire population, as they continue in adulthood and cause loss of intellectual performance, work capacity, life expectancy, and reproductive outcomes of adults (2) , thereby perpetuating the intergenerational cycle of poverty and malnutrition (3) . Thus, linear growth is a parameter used to evaluate the quality of life of a population and is used for monitoring changes in economic and social standards (4) .
Stunting is still very prevalent in many poor or developing regions in the world, such as sub-Saharan Africa, Asia, and Latin America (5) . In Brazil, its prevalence is decreasing and is currently 7.2% (6) . However, in some Brazilian regions, the prevalence of childhood stunting is still 410% (7). On the outskirts of Maceió, the state of Alagoas, the site of this study, a survey conducted with children who were beneficiaries of the federal government's budget-transfer program Bolsa Familia showed a 13.4% prevalence of stunting in children younger than 60 months of age (8) .
Although early infancy is the preferred moment to implement interventions to recover nutritional status of children, when such interventions are performed during childhood, the growth in terms of height can be satisfactorily resumed, thereby significantly improving the health of the child and, consequently, the society (9) . Nutritionally recovered children show improvements in cognitive abilities, normalization of body composition, insulin sensitivity, levels of adipokines, and cortisol response to stressful stimuli (10) (11) (12) (13) (14) .
The Centers for Recovery and Nutritional Education (CREN, in Portuguese) were created to minimize the effects of stunting on socially vulnerable communities. These programs are non-governmental organizations, linked to the Federal Universities of São Paulo and Alagoas, Brazil. CREN selects stunted children by conducting an active search for stunting cases in socially vulnerable communities in the areas covered by the centers and treats the most severe cases in a day-hospital model. In CREN, children receive multidisciplinary care with continuing educational assistance, five balanced meals per day, nutrition education, systematic monitoring of growth and development, and early treatment of diseases (15) .
Nevertheless, the success rate of stunting recovery treatment is ∼ 32%, according to the data of CREN-São Paulo (16), which is located in a region with higher socioeconomic status than the unit of Maceió-AL, where the present study was conducted. The metropolitan region of São Paulo has a Human Development Index of 0.8, whereas that of Maceió is the poorest region in the country, with a Human Development Index of o0.7 (17) . In the analysis conducted at CRENSão Paulo, socioeconomic status of the children was not associated with the success of the treatment. Only variables related to the treatment itself, such as the length of treatment at the center, were associated with the success (16) . Given the significant social and demographic differences between these two regions where these centers operate, it is likely that there are differences in the rate and determinants of treatment success between these two centers.
Thus, this study aimed to determine the rate of success of the stunting recovery program conducted at CREN-Maceió. In addition, this study sought to determine whether biological, socioeconomic, environmental, and/or clinical variables are associated with the rate of success in this particular center.
METHODS

Study Design
This is a retrospective study, which determined the rate of stunting recovery of stunted children with at least 24 months of treatment at CREN-Maceió. All analyzed data were collected once, in December 2016, from the medical records of the children.
Ethical Aspects
This study was conducted according to the guidelines laid down in the Declaration of Helsinki, and all procedures involving the children were approved by the Ethics Committee of the Federal University of Alagoas (number 468,826/2013). Parents and/or legal guardians of participating children gave informed written consent before the collection of data in the records.
Setting and Participants
Stunted children treated at CREN-Maceio from January 2012 to December 2016 were investigated in this study. The main objective of CREN-Maceió is to recover children from stunting; hence, children must present a Z-score of the height-for-age index (HAZ) o − 2.0 to be admitted to the center. There are no restrictions regarding the Z-score of weight-for-age (WAZ) of the children at the time of admission.
The children, assisted by the day-hospital system, received five balanced meals (breakfast, collation, lunch, afternoon snack, and dinner) daily to reach 80% of their estimated energy requirements, which are calculated from the recommendation of 100 kcal/kg and 3-4 g/kg of protein per day. The children arrive at the center at 0800 hours. and leave at 17 hours, from Monday to Friday. At the center, the children attend regular preschool classes and participate in workshops regarding hygiene, healthy eating, and others. Discharge from the center occurs when the children reach school age.
At CREN, all children are routinely assessed for signs and symptoms of disease and infections and treated appropriately by the pediatrics department of the center. On admission and annually, all children receive prophylactic treatment for iron deficiency anemia and soil-transmitted helminth infections. The families of all stunted children treated at CREN are weekly invited to participate in the activities promoted by the center, which involves professional courses and workshops regarding childcare, hygiene, self-esteem, and others.
Some inclusion criteria were adopted to obtain a more homogenous sample in the present study. To be included in this study, the children must have been treated in the day-hospital system of CREN-Maceió and should present the following characteristics: (1) age between 6 and 48 months on admission to the center; (2) HAZo − 2 on admission to the center; (3) a minimum of 24 months of treatment in the day-hospital system of the center; and (4) be born to term. Children whose stunting was due to associated diseases, such as human immunodeficiency virus infection and cardiopathies, as diagnosed by the center pediatric service, were excluded from the present analysis.
Variables
The primary outcome was the binary variable success of the stunting recovery treatment, defined as the children presenting an HAZ4 − 1.0, at the time of data collection (December 2016).
Bimonthly anthropometric assessments of the children in the dayhospital system are conducted at CREN. To check the length of children aged o24 months, a standard infantometer with 105 cm length and 0.1 cm accuracy is used. The height of children aged 424 months is obtained using a vertical stadiometer (measuring range, 0-200 cm; precision, 1 mm; Wiso, Parana, Brazil) fixed to the wall. Children below 24 months of age are weighed using a pediatric scale with a maximum capacity of 15 kg and accuracy of 5 g (Filizola, BP Baby, Campo Grande, Brazil), and for children older than 24 months, weight was measured using an anthropometric scale with maximum capacity 150 kg and precision of 100 g (Filizola, Personal, Campo Grande, Brazil). To calculate Z-scores, Anthro software (WHO, version 3.0.1, 2006) was used.
To explore the primary outcome, possible explanatory variables were grouped into different blocks, according to the nature of the variables and experience of the researchers. These blocks were designed as per the biological data (block 1), socioeconomic data (block 2), environmental data (block 3), and clinical data (block 4). Biological, socioeconomic, and environmental data are provided by the person responsible for the child and are routinely collected and recorded on the children's medical records by the center staff on the admission of the children at the center. Clinical data are also routinely recorded on the medical records of the children, whenever a clinical event happens or is diagnosed during the routine medical visits. All data analyzed in the study were collected from the medical records of the children, available at the center, in December 2016.
Biological Data
The biological data were sex, birth weight category (o2500 g or 42500 g), breastfeeding habits, duration of treatment at the dayhospital system, age at admission, and WAZ and HAZ at admission. Birth weight information was collected from an official document, such as the child's card or birth certificate. Breastfeeding habits were categorized as o4 months, between 4 and 24 months, and more than 24 months. Exclusive breastfeeding is not usual in this population.
Socioeconomic Data
Information regarding the socioeconomic conditions of the families, which are routinely collected on admission by the center staff, was analyzed. These variables include referred family income per capita (o½ minimum wage or 4½ minimum wage), maternal education (Elementary level, equivalent to ⩽ 4 years of study; lower secondary level, equivalent to 44 and o8 years of study, and upper secondary level or higher, equivalent to 48 years of study), and labor situation of the mother (work outside home or not). Maternal education was verified through official certificates from educational institutions.
Environmental Data
Environmental data are derived directly from the socioeconomic conditions of families. Data on type of construction of the home (masonry or not); number of children in the household; bathroom inside the household (yes or no); floor-covering home (yes or no); public garbage collection (yes or no), public water supply (yes or no), and sewage system (yes or no) were collected. We calculated the household crowding index, defined as the total number of coresidents in the household, excluding the children, divided by the total number of rooms, excluding kitchen and bathrooms (18) .
Clinical Data
The children in the day-hospital system at CREN-Maceio presenting signs and symptoms of infectious diseases are routinely assessed by the pediatric service, which has an established protocol. For this study, data on the following diagnosis of common complications were collected: respiratory disorders events, the presence of anemia, and the total number of medical events for each child during the treatment. Children diagnosed with pathological conditions during the study were adequately treated.
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Statistical Analysis
Statistical analysis was performed using SPSS software, version 20.0 (IBM, Chicago, IL). Continuous variables are presented as means and standard deviations and discrete variables as medians and interquartile ranges. Categorical variables are presented as absolute and relative frequencies. As the variable HAZ increment importantly violated normality assumptions, as tested by the Lilliefors' test, this variable was also presented as median and interquartile range. The significance of the median increase was tested using a Wilcoxon's signed-rank test.
To check the influence of several variables on the primary outcome (stunting recovery), an estimate of the prevalence ratio (PR) was calculated using Poisson regression models, with robust estimates of the variances for each variable. For multivariate analysis, we used a hierarchical model based on the previously mentioned variable blocks (biological, socioeconomic, environmental, and clinical), to avoid both multicollinearity and the inclusion of several predictors in the same model, with a small sample size (19) . As the outcome studied here was the success of the treatment of stunting recovery, and not the prevalence of stunting itself, biological variables were in the hierarchical block above the socioeconomic variables. Similar previous investigations, such as those in the CREN-SP, have shown that biological variables have a greater influence than socioeconomic variables in the stunting treatment (16) . As environmental variables are derived from the socioeconomic variables, it composed the third block. Finally, clinical variables, which are likely to be influenced by all variables from the other blocks, composed the fourth and last block. The statistical procedures were as follows: first, univariate analyses with each variable one at a time were conducted to quantify the unadjusted P values for each association. Second, those variables in the first block (biological data) that showed an unadjusted P value o0.10 were included in the multivariate analysis of the second block (socioeconomic data), as confounders. In turn, variables of the second block that showed an adjusted P value o0.20 (i.e., the P value obtained in the multivariate analysis including the variables from the first block with an unadjusted P-valueo0.20) were included in the multivariate analysis of the third block. The procedure was repeated in the fourth block.
To assess mediation and/or moderation effects, variables from an inferior hierarchical block, such as the clinical variables, were added as potential confounders in a model assessing the association between a variable from a superior block, such as the environmental block, and the main outcome stunting recovery. At last, a full model, with all the variables at the same time, was estimated to check whether omitted variable bias was influencing the results. Statistical significance was determined using an α value of 5.0%.
As a nonprobabilistic convenience sample was used, no sample size calculations were conducted a priori. A Posteriori power calculations were conducted using the G Power software (v. 3.1.9.2, Heinrich-Heine-Universität, Düsseldorf, Germany), giving the α value, sample size and effect size and computing achieved power.
RESULTS
Of the 104 children treated in the day-hospital system of CREN-Maceio from January 2012 to December 2016, 75 met the inclusion criteria and were analyzed in this study. The characteristics of children and their families are described in Table 1 . A total of 38 (50.7%) children were aged ⩽ 24 months at the time of admission. In general, the families were large and received less than half the minimum Brazilian wage per capita. None of the investigated mothers presented higher secondary education level, equivalent to more than 8 years of study. The living conditions were poor with regard to water supply and adequate sewage system. Eighteen children (24.0%) recovered from stunting. (i.e., presented a HAZ 4 − 1.0 in December 2016) with a mean treatment time of 41 months. All these 18 children also presented WAZ 4 − 1.0 at the end of the follow-up period. The median increase in HAZ was 0.82 (interquartile range = 0.87; Po0.01). From the 75 included children, only 2 (2.7%) showed a decrease in HAZ during the follow-up period, whereas 44 children (58.7%) showed an increase ranging from 0 to 1.0 HAZ, 14 (18.7%) showed an increase ranging from 1.0 Table 2 shows the hierarchical analysis using Poisson regression models and the estimates of non-adjusted and adjusted PR, using the success of the stunting recovery treatment as the dependent variable. The results of the hierarchical analysis showed that the biological variable age at admission and the environmental variable household crowding index were significantly associated with the success of the treatment. The latter retained statistical significance even in the adjusted analysis (adjusted by the variables from the hierarchical block above that showed a P valueo0.10; i.e., age at admission). Children older than 24 months at admission showed a lower PR of being recovered at the time of the analysis (PR: 0.39; 95% confidence interval (CI): 0.15-0.99, P = 0.04). For each increase of one unit in the household crowding index, there was a 41% decrease in the probability of stunting recovery success (PR: 0.59, 95% CI: 0.37-0.93; P = 0.02). For the adjusted analysis of the variables from these blocks, the variable "age at admission" was included as covariates in the models. d For the adjusted analysis of the variables from this block, the variables "age at admission" and "household crowding index" were included as covariates in the models.
Sensitivity analyses were conducted to assess whether the significant association between the household crowding index and the success of the stunting recovery treatment was mediated by clinical variables. A new adjusted PR of this association was calculated, based on the same model shown in Table 2 (i.e., the model adjusted by age at admission), adding the number of respiratory disorders as a covariate. In this new model, the PR for household crowding index remained significant (PR: 0.65; 95% CI: 0.44-0.96; P = 0.03). Similar PR was found for the models adjusted by the number of medical consultations (data not shown). Thus, there is no evidence of mediation effects of these clinical variables in the association between household crowding index and the success of the stunting recovery treatment. Another sensitivity analysis was conducted including all variables from block 1 as covariates in the household crowding index analysis, and it still retained statistical significance (PR: 0.52; 95% CI: 0.28-0.95; P = 0.03). Finally, when a full model, with all the variables at the same time, was estimated, only the household crowding index retained statistical significance (PR: 0.49; 95% CI: 0.24-0.99; P = 0.04).
Posteriori power calculations showed that the study had an actual power of 67% to detect a significant PR of 0.59 using the predictor "household crowding index" and the binary outcome "stunting recovery." This power was achieved giving the α value of 5%, the total sample size of 75 and a base rate of 15% in a mean exposure of 3.5 years (i.e., the rate of stunting recovery we would expect in this population in a controlled setting, in 3.5 years, similar to the mean treatment time in the present study).
DISCUSSION
The present study showed that the rate of success of a stunting recovery treatment of children younger than 48 months, treated in a day-hospital system at a nutritional recovery center located on the outskirts of the city of Maceió-AL, Brazil, a region with extreme social vulnerability, for at least 24 months was 24.0%. It also assessed the influence of biological, socioeconomic, environmental, and clinical variables on this rate of success. Hierarchical analysis showed that only the age at admission and the household crowding index were associated with the success of the stunting recovery treatment. Children who were admitted when they were older and those living in crowded households were less likely to recover from stunting.
The likelihood of stunting recovery is considered limited if the children remain in the same restrictive environment (20) . The rate of stunting recovery varies widely among studies and depends on a series of factors, such as the settings of the study and even on the cutoff points used to define recovery (21) . For example, an observational investigation in a high foodinsecure Nepal area followed 529 children, aged 0-59 months at baseline, for 30 months and reported an increase in stunting levels from 66 to 76.5% (22) . On the other hand, a study from a Peruvian cohort of 2,052 children, aged 6-18 months at baseline, followed up for ∼ 4 years, reported that from the 380 stunted children (HAZo − 2.0) at baseline, 140 (36.8%) were not stunted (HAZ4 − 2.0) in the second assessment (23) . A cohort study conducted in Uganda with 366 stunted children followed for 2 years showed that the stunting recovery rate was ∼ 20% (24) . A study conducted in a Jamaican treatment center, reporting the recovery of length in 368 severely malnourished children, showed that only 23 (6.2%) increased HAZ by at least 0.75 during treatment (25) . It is noteworthy that if the cutoff point used to indicate stunting recovery in the present study was HAZ4 − 2.0, 52 out of the 75 studied children (69.3%) would be considered recovered.
Nevertheless, we used a more conservative approach that allowed the comparison with CREN-SP, which showed a recovery rate of 32% (16) . In addition, the poorer setting that the children from CREN-Maceió are inserted was also considered in the selection of this conservative cutoff point. Previous studies of our research group, using a shorter followup period, have already shown that the treatment used at CREN is able to induce catch-up growth, at least to some extent (26) . Nevertheless, in adverse conditions, such as those of the children studied here, to show catch-up growth only, or to show an HAZ4 − 2, may not be enough to discharge the children and send them back to their home environment since their nutritional status could rapidly deteriorate again. Considering that the children from CREN-Maceió are inserted in a poorer setting, we believe that the rate of recovery found in the present study is within the expected range.
The household crowding index was negatively associated with stunting recovery. Household overcrowding has been strongly associated with higher incidence of infections in children, especially those of the respiratory tract (27) and diarrhea (28) , which could severely compromise the stunting recovery treatment. However, in the present study, sensitivity analyses did not show any effect of mediation by the clinical variables, including episodes of respiratory infections, on the association between the household crowding index and treatment success. It is possible that the association noted here is related to other negative aspects of household overcrowding, such as a decrease in the maternal responsiveness to their children (29) . In addition, surveys conducted in cities in the Brazilian Northeast also show that household overcrowding is related to increased food insecurity at home, which could halt the stunting recovery of the children (30) . Both maternal responsiveness and household food insecurity, which were not investigated in the present study, could mediate the effects of crowding on the failure of stunting recovery here evidenced.
Fernandes et al. (16) conducted a study of 15 years at the CREN-São Paulo to determine the variables that were associated with the likelihood of recovery of stunting in children at discharge. In accordance to the data shown here, these authors found an influence of the admission age, where children aged 424 months were less likely to successfully achieve stunting recovery. Considering that the first 24 months of life are a critical stage of development, where the child's body is more susceptible to the effects of nutritional interventions (9) , it is expected that children in this age group present higher success rate of stunting recovery.
It is important to point out that the conditions in which the children live outside the center may play a key role in the success of the stunting recovery treatment. The children studied here spent 5 days per week and 9 h per day in the dayhospital system and spent the remaining time at home, living with families that reside in urban peripheral areas with high social vulnerability, sanitation problems, and with mothers with low education who are not placed in the labor market. In the literature, low maternal education is associated with inadequate practices of childcare, such as a reduced ability of food choice in a healthy eating context, which may lead to greater probability of children presenting with stunting (31). However, none of these variables showed a significant association with treatment success, which can be explained by the fact that, in general, all the families were in the same large context of social vulnerability and, possibly, the nuances differentiating a family from the other were not large enough, making it difficult to identify associative patterns.
Low birth weight is a sensitive fetal health indicator and is commonly associated with malnutrition. However, this variable had no significant effect on the success of the stunting recovery treatment. It is possible that the stunting in the children studied here was mainly due to postnatal insults resulting from their precarious living conditions instead of intrauterine insults (32) . It is common that in underdeveloped and developing countries, mean HAZ at birth is adequate, but begins to falter thereafter (33) . Finally, although the association between malnutrition and infection is already well documented (34) , in this study, no association was noted between the incidence of infectious diseases and the success of the stunting recovery treatment. It is possible that because all children are monitored daily and treated immediately after diagnosis of an infection, the impact of infections on the nutritional recovery treatment was reduced.
The present study has some limitations. First, the retrospective aspect of the study weakens its conclusions. Second, the small sample size may explain the lack of significance in some variables investigated. Owing to the nature of the study, it was only possible to use a non-probabilistic, convenience sampling approach, which gives the study an exploratory character. In addition, the sample was homogenous regarding some socioeconomic variables, such as mother's level of schooling, making it difficult to identify associative patterns.
In conclusion, the rate of stunting recovery at CRENMaceió was within the range reported in other interventions. Although most of the socioeconomic, environmental, and clinical variables did not show a significant association, possibly due to the high intensity of treatment in CREN, household crowding index was inversely associated with stunting recovery. Furthermore, children who were admitted to the center when they were younger than 24 months also showed higher rates of stunting recovery, reinforcing that the treatment of stunted children must begin early. Thus, poor environmental conditions have a negative effect on the stunting recovery of children in high social vulnerability, even in a setting of a high-intensity, day-hospital system, treatment. This indicates that public health policies should take into account the possibility of providing better housing conditions for the poorest population and should strive to identify cases of stunting before the age of 2 years, by conducting, e.g., home visits in poorer locations.
